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,QWKHPLQLQJDUHDVLQ2OWHQLD'ROM*RUM9DOFHD0HKHGLQWLKDZHUHZLWKGUDZQIURPHFRQRPLFF\FOHRI
ZKLFKKDRIDJULFXOWXUDO ODQGDQGKHFWDUHV IRUHVW ODQGDQGE\ WKHHQGRI WKHH[SORLWDWLRQZRUNVZLOO
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KDIRUHVWODQG&ăUăELú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7KH PLQLQJ LQGXVWU\ VHULRXVO\ DIIHFWV WKH HQYLURQPHQW WKURXJK GHJUDGDWLRQ RI ODUJH DUHDV RI IDUPODQG DQG
IRUHVWU\ ODQGV JHRPRUSKRORJLFDO FKDQJHV K\GURJHRORJLFDO DQG K\GURJUDSKLFDO FKDQJHV ZDWHU DQG DLU SROOXWLRQ
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$NDOD
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WZRGLVWLQFWSKDVHV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
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&KRRVLQJ WKH FURSV VWUXFWXUH DQG IHUWLOL]DWLRQ V\VWHP LV RI JUHDW LPSRUWDQFH LQ WKH HIILFLHQF\ RI HFRORJLFDO
UHKDELOLWDWLRQ RI GHJUDGHG ODQGV E\ RSHQFDVW PLQLQJ ORRNLQJ IRU WR REWDLQ DJULFXOWXUDO \LHOGV VLPLODU WR WKRVH
DFKLHYHG RQ QHLJKERXULQJ XQGHJUDGHG ODQGV LQ VLPLODU FRQGLWLRQV RI HFRQRPLF HIILFLHQF\ 'XPLWUX HW DO 
%HQGIHOGWHWDO'DQLHOVHWDO7DWRPLUHWDO0RFDQXHWDO'XPLWUXHWDO&ăOLQRLX
%ăEHDQX%HFKHULĠLX%ODJD(JHUHWDO%UDLD&ăOLQRLX&ăWLQDú
&ODSD  &UDLRYHDQX HW DO  &KLVăOL܊ă  &ăOLQ  'LQXFă  ,DQF 0XQWHDQX 
1HJUHD2SUHD3DVFRYLFL3RSD5R܈FXOHWH
7KHPDLQIHDWXUHVRIPDWHULDOVIURPGXPSVZKLFKDIIHFWVWKHSURGXFWLRQDUHDVIROORZLQJH[FHVVLYHWH[WXUHWRR
VDQG\RU WRRFOD\H\ WKHH[FHVVLYHVNHOHWDOFRQWHQW ORZFRQWHQWRIKXPXV ORZFRQWHQWVRIQLWURJHQSKRVSKRUXV
SRWDVVLXPPLFURQXWULHQWVSRRUDHURK\GULFUHJLPHUHGXFHGELRORJLFDODFWLYLW\
7KHSUHVHQFHRIFRDOUHVLGXHVOHDGVWREHWWHUFRQGLWLRQVIRUUHFXOWLYDWLRQGXPSV&KDUFRDOIURPGXPSVFRQVLVWV
RIWZRSDUWVRQHSDUWWKDWFDQQRWEHPLQHUDOL]HGRULVYHU\VORZPLQHUDOL]HGUHSUHVHQWHGE\GHULYDWLYHVRIOLJQLQ
DQG DURPDWLF QXFOHXV ZLWK D KLJK GHJUHH RI SRO\PHUL]DWLRQ DQG IURP D PLQHUDOL]HG SDUW UHSUHVHQWHG E\ KXPLF
VXEVWDQFHV ZKLFK E\ PLFURELDO GHFRPSRVLWLRQ FDQ SURYLGH QLWURJHQ IRU SODQWV DQG VRLO PLFURRUJDQLVPV
%HFKHUHVFXHWDO7KHYDOXHVRIRUJDQLFFDUERQFRQWHQWREWDLQHGE\DQDO\VLVIURPVRLOKXPXVDQGWKDWIURP
FRDODUHRIWHQPLVDGGUHVVHGGHVSLWH WKH\DUHGLIIHUHQWXVHGE\SODQWV7KHUHIRUHHYHQGXPSVKDYHKLJK OHYHOVRI
RUJDQLF FDUERQ WKH\ RIWHQ KDYH D ORZ SRWHQWLDO IRU FURS SURGXFWLRQ DQG UHTXLUH ODUJH GRVHV RI RUJDQLF RUJDQR
PLQHUDORUPLQHUDOIHUWLOL]HUVWRDFKLHYHUHDVRQDEOH\LHOGV7KHORZOHYHORIQXWULHQWVLQVROXEOHIRUPLQWKHVXEVWUDWH
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OHDGV WR LQFUHDVLQJ \LHOGVZLWK LQFUHDVLQJ IHUWLOL]HU UDWHV DQG WR YHU\ ORZ \LHOGV LQFUHDVHV SHU NLORJUDP RI DFWLYH
DSSOLHGLQJUHGLHQW
2UJDQLF IHUWLOL]DWLRQZLWKPDQXUH FRPSRVW JUHHQPDQXUH RU FURS UHVLGXHVPXVW EH DFFRPSDQLHG E\PLQHUDO
13. IHUWLOL]DWLRQ 2UJDQRPLQHUDO IHUWLOL]HUV ZLWK OLJQLWH KDYLQJ KXPLF DFLGV DVVRFLDWHG ZLWK YDULRXV PLQHUDOV
SURYLGHGHILFLWDU\HOHPHQWVIRUSODQWQXWULWLRQDQGDOVRLPSURYHVRLOTXDOLW\IRUVRLOVZLWKORZKXPXVFRQWHQW7KH
KXPLF VXEVWDQFHV DUH WKHPDLQ IDFWRU LQ FHPHQWLQJ DQG DJJOXWLQDWLQJ DQG IRUPLQJPLFUR DQGPDFUR DJJUHJDWHV
OHDGLQJWRLQFUHDVHGSRURVLW\DQGZDWHUVWRUDJHFDSDFLW\6WUXFWXUHGVRLOLVPRUHHDVLO\SHQHWUDWHGE\URRWVLQFRQWDFW
ZLWKVXUIDFHVRIPLFURDJJUHJDWHVFUHDWLQJEHWWHUFRQGLWLRQVIRUQXWULWLRQ'RUQHDQXHWDO(\KHUDJXLEHOHWDO

 0DWHULDOVDQG0HWKRGV
2Q WKH%DOWD8QFKLD܈XOXLGXPS IURP5RYLQDULXQFRYHUHGZLWK IHUWLOH VRLO DQ H[SHULPHQWZDVSODFHG LQ IRXU
UHSHWLWLRQVIRUGLIIHUHQWFURSVPDL]H+)XQGXOHDK\EULGVXQIORZHU)XQGXOHDYDULHW\DQGSHDV9HGHD
YDULHW\7KHH[SHULPHQWKDGYDULDQWVFRQVLVWLQJRIPLQHUDO IHUWLOL]HUV 13.RUJDQLFIHUWLOL]HUV  WKD
PDQXUH IURP FDWWOH DQG  WKD FRPSRVW REWDLQHG IURPPDQXUH OLJQLWH DQG KXPLF DFLGV H[WUDFWHG IURP OLJQLWH
DVVRFLDWHGRUQRZLWKPLQHUDOIHUWLOL]HUVDQGRUJDQRPLQHUDOIHUWLOL]HUVRQOLJQLWHVXSSRUW/DQG6+LQGRVHV
RIWRNJKD
7KHFRPSRVWZDVGHYHORSHGEDVHGRQWKHREVHUYDWLRQWKDWFDWWOHPDQXUHLQFUHDVHGLQKRXVHKROGV\VWHPSURYLGHV
YHU\ VPDOO SURGXFWLRQ LQFUHDVHV GXH WR QLWURJHQ GHILFLHQF\ DQG WKH SUHVHQFH RI FRDO UHVLGXHV IURP GXPSV
VLJQLILFDQWO\ DIIHFWV FURS \LHOGV 7KHUHIRUH PDQXUH DQG OLJQLWH GXVW ZHUH PL[HG DQG FRPSRVWDWHG DQG ILQDOO\
SRWDVVLXPKXPDWHVZHUHDGGHGREWDLQHGE\WUHDWLQJWKHOLJQLWHZLWKSRWDVVLXPK\GUR[LGH
7KHRUJDQRPLQHUDO IHUWLOL]HU/ FRQWDLQV RQ DYHUDJH FRDO DW OHDVW QLWURJHQ DW OHDVW KXPLF
DFLGVSRWDVVLXPFDOFLXPPDJQHVLXPLURQPDQJDQHVH]LQFDQG
FRSSHU7KHFDWLRQH[FKDQJHFDSDFLW\ LVPHJS+EXONGHQVLW\JFP7KHRUJDQR
PLQHUDOIHUWLOL]HULVSUHVHQWLQWKHIRUPRIJUDQXOHVRIPP
7KHRUJDQRPLQHUDOIHUWLOL]HU6+FRQWDLQVFRDODWOHDVWKXPLFDFLGVWRWDOQLWURJHQ
SKRVSKRUXV  SRWDVVLXP  FDOFLXP PDJQHVLXP  LURQ PDQJDQHVH 
]LQFDQGFRSSHU&DWLRQH[FKDQJHFDSDFLW\ZDVRIPHJS+RIEXONGHQVLW\RIJFP,W
LVSUHVHQWHGLQWKHIRUPRIJUDQXOHVRIPP
7KHVSHFLDOYDOXHRI WKHVRLOVIHUWLOHKRUL]RQFKDUDFWHUL]HGE\WKHSUHVHQFHRI LWVVWUXFWXUHDKLJKHUFRQWHQWRI
KXPXVDQGQXWULHQWVKLJKELRORJLFDODQGHQ]\PDWLFDFWLYLWLHVSURGXFHGE\DYDULHW\RIVSHFLHVRIPLFURRUJDQLVPV
LPSRVHGUHJXODUO\UHFRPPHQGDWLRQIRUH[SORLWDWLRQFRQVHUYDWLRQDQGVHOHFWLYHILOLQJRIWKLVKRUL]RQ7KHHVVHQWLDO
FRQGLWLRQIRUHQKDQFLQJ WKLVKRUL]RQFRQVLVWV LQFRPSO\LQJ WKHVRLO UHPRYLQJFRQGLWLRQVQRWVWLUULQJ LWZLWKRWKHU
KRUL]RQVVWRULQJLQVSHFLDOGXPSVIRUDVVKRUWDSHULRGRIWLPHDQGXQLIRUPWDLOLQJVGLVSRVDODYRLGLQJFRPSDFWLRQ
7KHWLFNQHVVHVRIVRLOFRYHURIDWOHDVWFPDUHDUHGRQHLQ%DOWD8QFKLD܈XOXLGXPSIURP5RYLQDUL3UHYLRXV
UHVHDUFKKDVVKRZQ WKDWHYHQFRYHULQJZLWK IHUWLOHVRLO WKH LQWHQVHPLQHUDODQGRUJDQLF IHUWLOL]DWLRQ LVFUXFLDO IRU
\LHOGVFORVHGWRWKRVHIURPWKH]RQDOVRLOVEHIRUHGHJUDGDWLRQ
,Q WKH H[SHULPHQW RUJDQL]HG LQ %DOWD8QFKLD܈XOXL GXPS FRYHUHGZLWK WRSVRLO IRXU IHUWLOL]HUVZHUH WHVWHG IRU
PDL]HFURSEDVHGRQOLTXLGKXPDWHVH[WUDFWHGIURPOLJQLWHLQGRVHVRIDQGOKD7KHH[SHULPHQWLQFOXGHG
QLQHYDULDQWVZLWKIRXUUHSOLFDWLRQV7KHSURFHVVIRUWKHSUHSDUDWLRQRIWHVWHGOLTXLGIHUWLOL]HUZDVWKHQHXWUDOL]DWLRQ
RI SKRVSKRULF DFLG  ZLWK SRWDVVLXP FDUERQDWH  OHDGLQJ WR D VROXWLRQ FRQWDLQLQJ PRQRSRWDVVLXP DQG
GLSRWDVVLXPSKRVSKDWH WKH UHDFWLRQ WDNLQJSODFHXQGHU FRQWLQXRXV DJLWDWLRQDQG DW D WHPSHUDWXUH FRQVWDQW RI
& 'XULQJ VWLUULQJ WKH DPLGH QLWURJHQ VRXUFH QLWUDWH DQG DPPRQLD LV VORZ DGGHG NHHSLQJ FRQVWDQW WKH
WHPSHUDWXUH RI UHDFWLRQ UHVXOWLQJ LQ D FRPSOH[ PL[WXUH RI PDFURHOHPHQWV ,Q WKH FRPSOH[ VROXWLRQ RI PDFUR
HOHPHQWVDVROXWLRQRIWUDFHHOHPHQWV)H&X=Q0J0Q%ZDVDGGHGFKHODWHGZLWK('7$GLVRGLXPVDOWDQG
WKHQ D VROXWLRQ RI SRWDVVLXP KXPDWH REWDLQHG E\ H[WUDFWLRQ RI WKH PDVV RI FRDO OLJQLWH ZLWK D VROXWLRQ RI
SRWDVVLXPFDUERQDWH7KHOLTXLGIHUWLOL]HULVDSSO\LHGZLWKOLWHUVRIZDWHU
7KHFRPSRVLWLRQVRI$+DQG.+IHUWLOL]HUVDUHSUHVHQWHGLQ7DEOH


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7DEOH&RPSRVLWLRQVRI$+DQG.+IHUWLOL]HUV
&RPSRVLWLRQ $+)(57,/,=$176
$+, $+8 $+1 .+
JO
+XPLFDFLGV    
7RWDOQLWURJHQ1    
3KRVSKRURXV32    
3RWDVVLXP.2    
%RU    
&REDOW    
&XSUX    
,URQ    
0DJQH]LX    
0DQJDQ    
0ROLEGHQ    
62    
=LQF    
('7$    
7RWDO    
 5HVXOWVDQG'LVFXVVLRQV
'DWDREWDLQHGLQWKHWKUHH\HDUVRIH[SHULPHQWKLJKOLJKWHGWKDWWKHWKUHHFURSVPDL]HVXQIORZHUDQGSHDVXVHG
LQ%DOWD8QFKLD܈XOXLGXPSXQFRYHUHGZLWKIHUWLOHVRLOHQVXUHGYHU\VLJQLILFDQWLQFUHDVHVRI\LHOGVDIWHUIHUWLOL]DWLRQ
7DEOH  7KHUHIRUH WKH \LHOGV REWDLQHG RQ GXPS DUH FORVHG WR WKRVH REWDLQHG RQ WKH QHLJKERXULQJ DJULFXOWXUDO
ODQGVXQDIIHFWHGE\PLQLQJ
7KHLQIOXHQFHVRIWKHIHUWLOL]DWLRQRQWKHPDL]H\LHOGVDVDYHUDJHVRIWKUHHH[SHULPHQWDO\HDUVDUHDVIROORZLQJ
 0LQHUDOIHUWLOL]DWLRQZLWK13.HQVXUHGD\LHOGLQFUHDVHRIFRPSDUHGWRXQIHUWLOL]HGYDULDQW
 2UJDQLFIHUWLOL]DWLRQZLWKWKDPDQXUHHQVXUHGD\LHOGLQFUHDVHRIDQGDQLQFUHDVHRIFRPSDUHG
WRXQIHUWLOL]HG
 2UJDQRPLQHUDOIHUWLOL]DWLRQZLWKNJKD/KDVOHGWRD\LHOGLQFUHDVHRIZKLOHWKDWZLWK6+
LQDQLQFUHDVHRIFRPSDUHGWRWKHXQIHUWLOL]HG
 2UJDQRPLQHUDO IHUWLOL]DWLRQZLWKNJKD/KDV OHG WRDQ LQFUHDVH LQSURGXFWLRQRIZKLOH WKDW
ZLWK6+WRDQLQFUHDVHRI
 7KHKLJKHVW\LHOGNJKDZDVREWDLQHGDIWHUIHUWLOL]DWLRQZLWKWKDFRPSRVWSOXV13.RIIHULQJD
\LHOGLQFUHDVHRIFRPSDUHGWRXQIHUWLOL]HGYDULDQWDQLQFUHDVHRIFRPSDUHGWRPLQHUDOIHUWLOL]DWLRQ
ZLWK13.DLQFUHDVHRIFRPSDUHGWRRUJDQLFIHUWLOL]DWLRQZLWKWKDPDQXUHDQLQFUHDVHRI
FRPSDUHGWRPLQHUDOIHUWLOL]DWLRQZLWKWKDFRPSRVWDQLQFUHDVHRIFRPSDUHGWRIHUWLOL]DWLRQZLWK
NJKD / DQ LQFUHDVH RI  FRPSDUHG WR IHUWLOL]DWLRQ ZLWK  NJKD WR / DQ LQFUHDVH RI 
FRPSDUHGWRIHUWLOL]DWLRQZLWKNJKD6+DQGDQLQFUHDVHRIFRPSDUHGWRIHUWLOL]DWLRQZLWK
NJKD6+
 7KHEHVWUHVXOWVDUHREWDLQHGE\DSSO\LQJERWKRUJDQLFDQGPLQHUDOIHUWLOL]HUV7KHUHIRUHDSSO\LQJPDQXUHDQG
PLQHUDO IHUWLOL]HUV OHDG WR D \LHOG LQFUHDVH RI FRPSDUHG WR XQIHUWLOL]HGYDULDQW DQGFRPSDUHG WR
PLQHUDO IHUWLOL]DWLRQ :KLOH WKH DSSOLFDWLRQ RI FRPSRVWZLWKPLQHUDO IHUWLOL]HUV RIIHUHG DQ LQFUHDVH RI 
FRPSDUHGWRWKHFRPSRVWIHUWLOL]DWLRQ
 $PRQJWKHDGYDQWDJHVRIXVLQJRUJDQRPLQHUDOIHUWLOL]HUVWKHIROORZLQJVDUHKLJKOLJKWHG
 ,QFUHDVLQJ WKH DSSDUHQW XVH RI QXWULHQWV IURP RUJDQRPLQHUDO IHUWLOL]HUV FRPSDULQJZLWK WKRVH IURPPLQHUDO
IHUWLOL]HUVPDLQO\GXHWRKLJKHU\LHOGLQFUHDVHV
 5HGXFLQJQLWURJHQOHDFKLQJE\FRPSDUHGWRPLQHUDOIHUWLOL]HUV
 ,PSURYLQJ WKH VRLO KXPXV FRQWHQW GXH WR WKH SHUVLVWHQFH RI KXPLF DFLGV IURP FRDO 'RUQHDQX HW DO 
3UHGDHWDO
6LPLODUHIIHFWVRIIHUWLOLVHUVZHUHUHFRUGHGIRUVXQIORZHUDQGSHDVFURSV7DEOH
7KH\LHOGV OHYHOVDFKLHYHGXVLQJIHUWLOL]HUV WHVWHGVRIDUDUHVWLOO ORZFRPSDUHG WR WKHFDSDFLWLHVRI]RQDOVRLOV
7KLVIDFWIRUFHGWKHXVHDQGWHVWRIOLTXLGIHUWLOL]HUVEDVHGRQKXPDWHVH[WUDFWHGIURPOLJQLWH7KHVHIOXLGIHUWLOL]HUV
RIIHUVRPHDGYDQWDJHVRYHUWKHVROLGRQHV
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 /RZHUFRVWVGXHWRWKHHOLPLQDWLRQRIHYDSRUDWLRQDQGJUDQXODWLRQVWDJHVDQGFKHDSHUSURGXFWLRQHTXLSPHQW
 /RZHULQYHVWPHQWFRPSDUHGZLWKIDFLOLWLHVIRUVROLGIHUWLOL]HUV
 &KHDSHUUDZPDWHULDOVORZHUTXDOLW\
 )DVWFRQWUROOHGDQGXQLIRUPLQFRUSRUDWLRQLQVRLODQGKLJKIOH[LELOLW\RIWKHGLIIHUHQWHOHPHQWVEDODQFHV
 6XSHULRUSK\VLFDOTXDOLWLHVQRWGXVWHGQRWFURZGHG
 &RPSDWLELOLW\ZLWKIXQJLFLGHV LQVHFWLFLGHVDQGWUDFHHOHPHQWV7KHLUVLPXOWDQHRXVDSSOLFDWLRQOHDGVWREHWWHU
DJULFXOWXUDOUHVXOWVWKDQWKHVROLGIHUWLOL]HUV
 3RVVLELOLW\WRXVHWRJHWKHUZLWKLUULJDWLRQZDWHU
 $FKLHYLQJDGHVLUHGUDWLREHWZHHQGLIIHUHQWVSHFLHVRILRQVDQGQXWULHQWVUHODWHGWRWKHFURSDQGJURZWKVWDJH
DJURIRQGSUHYLRXVO\IHUWLOL]DWLRQZLWKWKHRSSRUWXQLW\WRFRUUHFWH[LVWLQJ
 &DWDO\]H VRLO UHDFWLRQV DFFHOHUDWLQJ FKHPLFDO DQG PLFURELDO WUDQVIRUPDWLRQV DW WKH URRW OHYHO HQFRXUDJLQJ
H[SRUWLQFUHDVHRIDVVLPLODWHGQXWULHQWVIURPWKHVRLOUHVHUYHV
 0RELOL]HQLWURJHQSKRVSKRUXVDQGSRWDVVLXPIURPWKHVRLOUHVHUYHV
 6LPRXOWDQHRXVLQWURGXFWLRQRIVHYHUDOQXWULHQWVGHSHQGLQJWRWKHQHHGVRIWHFKQRORJ\FURSDQGVRLO
 /DUJHHIIHFWLYHQHVVIRUGLIIHUHQWFURSVHVSHFLDOO\LQWKHHDUO\VWDJHVRISODQWJURZWK
 7KH\DUHQRWWR[LFFRUURVLYHRUSROOXWDQW WKH\DUHKDQGOHGGRVHGDQGDSSOLHGLQDVLPSOHIDVWDQGHIILFLHQW
ZD\E\WHUUHVWULDORUDHULDQPHWKRGVRUE\LUULJDWLRQV\VWHPV
 'HFUHDVHVZLWKRIWKHFODVVLFFKHPLFDOIHUWLOL]HUVQHFHVVDU\
7KH\KDYHDKLJKGHJUHHRIUHFRYHU\RIQXWULHQWV'RUQHDQX6LUEXHWDO&LRURLDQXHWDO

7DEOH,QIOXHQFHRIPLQHUDORUJDQLFDQGRUJDQRPLQHUDOIHUWLOL]HUVRQPDL]HVXQIORZHUDQGSHDV\LHOGVLQ%DOWD8QFKLD܈XOXLGXPS5RYLQDUL
9DULDQW 0DL]H 6XQIORZHU 3HDV
NJKD  'LI NJKD  'LI NJKD  'LI
9 8QIHUWLOL]HG         
9 13.         
9 WKD0DQXUH         
9 WKD0DQXUH13.         
9 WKD&RPSRVW         
9 WKD&RPSRVW13.         
9 /NJKD         
9 /NJKD         
9 6+NJKD         
9 6+NJKD         
'/          
'/          
'/          

5HVHDUFKHVRQ%DOWD8QFKLD܈XOXLGXPSFRYHUHGZLWKFPIHUWLOHVRLOIRUPDL]HFURS7DEOHUHYHDOHGWKH
IROORZLQJ
x $SSOLFDWLRQRIOKD.+OLTXLGIHUWLOL]HUOHGWRWKHKLJKHVWPDL]H\LHOGWKHYHU\VLJQLILFDQWLQFUHDVHEHLQJRI
 FRPSDUHG WR XQIHUWLOL]HG YDULDQW 7KH DSSOLFDWLRQ RI  OKD .+ OLTXLG IHUWLOL]HU HQVXUHG D YHU\
VLJQLILFDQW\LHOGLQFUHDVHFRPSDULQJWRWKHXQIHUWLOL]HGYDULDQW
x )HUWLOL]DWLRQZLWK$+,DVVXUHGYHU\VLJQLILFDQW\LHOGLQFUHDVHVRIDQG
x $VUHJDUGLQJ$+8OLTXLGIHUWLOL]HURQO\WKHGRVHRIOKDOHGWRYHU\VLJQLILFDQWLQFUHDVHVLQPDL]H\LHOGV
FRPSDUHGWRXQIHUWLOL]HGYDULDQWWKHOKDGRVHGLGQRWUHVXOWLQVWDWLVWLFDOO\LQFUHDVHVRI\LHOGV
x )HUWLOL]LQJZLWK$+1OLTXLGIHUWLOL]HUDVVXUHGYHU\VLJQLILFDQWLQFUHDVHVRIPDL]H\LHOGV
x 7KHKLJK\LHOGOHYHOVKRZVWKDWWKHGXPSKDYHFUHDWHGFRQGLWLRQVIRUDJULFXOWXUDOXVHRIWKLVODQG
x 7KHVWDONRIPDL]HKDVWREHFKRSSHGDQGLQFRUSRUDWHGLQWRWKHVRLOZLWKNJQLWURJHQSHUWRQRIYHJHWDO
UHVLGXHV
7KH YHU\ IDYRXUDEOH HIIHFW RI OLTXLG IHUWLOL]HUV EDVHG RQ KXPDWHV GHULYHG IURP OLJQLWH LV PDLQO\ GXH WR WKH
SUHVHQFHRIQLWURJHQLQVHYHUDOIRUPVQLWUDWHDPPRQLDDPLGHDQGWRWKHVSOLWDQGORFDOL]HGDSSOLFDWLRQRIIHUWLOL]HU
KLJKO\UHGXFLQJORVVHVE\OHDFKLQJDQGNHHSLQJDKLJKFRQFHQWUDWLRQRIVROXEOHQLWURJHQLQVRLO


8   Mihail Dumitru et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  3 – 9 
7DEOH,QIOXHQFHRIOLTXLGIHUWLOL]HUVEDVHGRQKXPDWHVRQPDL]H\LHOGV
)HUWLOL]DWLRQV\VWHP
0DL]H\LHOG 6HPQLIL
FDWLRQNJKD 'LIIHUHQFHNJKD 
8QIHUWLOL]HG    
$+,±OKD    
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
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
$+8±OKD    
$+1±OKD    
$+1±OKD    
.+±OKD    
.+±OKD    
'/    
'/    
'/    

 &RQFOXVLRQV
7R LQFUHDVH WKH HIILFLHQF\ RI RUJDQLF IHUWLOL]HUV YHU\ QHFHVVDU\ RQ GXPSV D FRPSRVW ZDV GHYHORSHG IURP
PDQXUHSRZGHUHGOLJQLWHDQGSRWDVVLXPKXPDWHVREWDLQHGE\WUHDWLQJOLJQLWHZLWKSRWDVVLXPK\GUR[LGH
7R ILQG D QHZ IRUP RI OLJQLWH H[SORLWDWLRQ DQG VXSSO\ WKH GHILFLW RI RUJDQLF IHUWLOL]HUV WZR IHUWLOL]HUV RUJDQR
PLQHUDOZHUHSURGXFHG/DQG6+DVZHOODVIRXUW\SHVRIOLTXLGIHUWLOL]HUVEDVHGRQKXPDWHVH[WUDFWHGIURP
OLJQLWHZLWKFRH[LVWLQJQLWURJHQDVQLWULFDPPRQLDDQGDPLGHDQGDOOWKHHVVHQWLDOWUDFHHOHPHQWV
5HVHDUFKRQ%DOWD8QFKLD܈XOXLGXPSXQFRYHUHGZLWKIHUWLOHVRLOIRFXVLQJWKHLQIOXHQFHRIPLQHUDORUJDQLFDQG
RUJDQRPLQHUDOIHUWLOL]DWLRQRQWKHPDL]HVXQIORZHUDQGSHDV\LHOGVOHGWRWKHIROORZLQJFRQFOXVLRQV
 7KH\LHOGVKDGODUJH\HDUO\GLIIHUHQFHVGXHWRFOLPDWLFFRQGLWLRQVDQGWKHODQGXQHYHQQHVV
 9HU\ORZ\LHOGVZHUHREWDLQHGLQXQIHUWLOL]HGYDULDQWV
 $OODSSOLHGIHUWLOL]HUVHQVXUHGYHU\VLJQLILFDQW\LHOGLQFUHDVHV
 )RUPDL]HFURSFRPSDUHG WRXQIHUWLOL]HGYDULDQW WKHGLIIHUHQW IHUWLOL]HUVHQVXUHGGLIIHUHQW\LHOG LQFUHDVHVDV
IROORZLQJ13.PLQHUDO IHUWLOL]HUV  WKH WKDPDQXUH IHUWLOL]HUV  WKH WKDFRPSRVW 
WKHRUJDQRPLQHUDOIHUWLOL]DWLRQGRVHVRIOKDZLWK/DQGZLWK6+ZKLOH
WKHLQFUHDVLQJGRVHVRIRUJDQRPLQHUDOIHUWLOL]HUIURPWROKDOHGWRORZ\LHOGLQFUHDVHV
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